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Supersymmetric Particle Searches

A REVIEW GOES HERE - Check our WWW List of Reviews
A REVIEW GOES HERE - Check our WWW List of Reviews

SUPERSYMMETRIC MODEL ASSUMPTIONS

The exclusion of particle masses within a mass range (my, my) will be
denoted with the notation “none m;—my" in the VALUE column of the
following Listings.

A REVIEW GOES HERE - Check our WWW List of Reviews

X] (Lightest Neutralino) MASS LIMIT

>~<(1) is often assumed to be the lightest supersymmetric particle (LSP). See also the

)?8 fcg )?2 section below.
We have divided the >~<(1) listings below into five sections:

1) Accelerator limits for stable Q(lj

2) Bounds on )?(1) from dark matter searches,

3) Bounds on )?(1) elastic cross sections from dark matter searches,

4) Other bounds on )?(1) from astrophysics and cosmology, and

5) Bounds on unstable >~<(1)

Accelerator limits for stable 2‘1)

Unless otherwise stated, results in this section assume spectra, production
rates, decay modes, and branching ratios as evaluated in the MSSM, with
gaugino and sfermion mass unification at the GUT scale. These papers

generally study production of >~<? )}? (i>1,j>2), )}1‘_ %1_ and (in the

case of hadronic collisions) )?T )~<O pairs. The mass limits on )?O are either

direct, or follow indirectly from the constraints set by the non-observation

of )?it and )?8 states on the gaugino and higgsino MSSM parameters My

and p. In some cases, information is used from the nonobservation of
slepton decays.

Obsolete limits obtained from et e collisions up to \/s=184 GeV have
been removed from this compilation and can be found in the 2000 Edi-
tion (The European Physical Journal €15 1 (2000)) of this Review.
Am=m_g — m_g .

X2 X1
VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
>40 95 1 ABBIENDI 04H OPAL all tang, Am >5 GeV,
mq >500 GeV, AO =0

>42.4 95 2 HEISTER 04 ALEP all tang, all Am, all mg

>39.2 95 3 ABDALLAH 03M DLPH all tang, my; >500 GeV

>46 95 4 ABDALLAH 03M DLPH all tang, all Am, all mg

>32.5 95 5 ACCIARRI 00D L3 tang > 0.7, Am > 3 GeV, all mg
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o o o We do not use the following data for averages, fits, limits, etc. ® o o
6 DREINER 09 THEO

7TABBOTT  98C DO  pp — %iig
>41 95 8 ABE 98) CDF  pBh— X7 X9

1 ABBIENDI 04H search for charginos and neutralinos in events with acoplanar leptons+jets
and multi-jet final states in the 192-209 GeV data, combined with the results on leptonic
final states from ABBIENDI 04. The results hold for a scan over the parameter space
covering the region 0 < My <5000 GeV, —1000 < g <1000 GeV and tang from 1 to
40. This limit supersedes ABBIENDI 00H.

HEISTER 04 data collected up to 209 GeV. Updates earlier analysis of selectrons from
HEISTER 02E, includes a new analysis of charginos and neutralinos decaying into stau
and uses results on charginos with initial state radiation from HEISTER 02J. The limit
is based on the direct search for charginos and neutralinos, the constraints from the
slepton search and the Higgs mass limits from HEISTER 02 using a top mass of 175 GeV,
interpreted in a framework with universal gaugino and sfermion masses. Assuming the
mixing in the stau sector to be negligible, the limit improves to 43.1 GeV. Under the
assumption of MSUGRA with unification of the Higgs and sfermion masses, the limit
improves to 50 GeV, and reaches 53 GeV for Ag = 0. These limits include and update
the results of BARATE 01.

3 ABDALLAH 03M uses data from \/s = 192-208 GeV. A limit on the mass of )?cl) is derived

from direct searches for neutralinos combined with the chargino search. Neutralinos are
searched in the production of )??)?8 )?(1))28 as well as >~<8>~<g and )?8

cascade decays, and >~<(1)>~<8 and )?(1))?8 followed by the decay )?(2) — 77. The results

hold for the parameter space defined by values of My < 1 TeV, |u’ < 2 TeV with the
)?(1) as LSP. The limit is obtained for tan3 = 1 and large mg, where )?8)?2 and chargino
pair production are important. If the constraint from Higgs searches is also imposed, the
limit improves to 49.0 GeV in the Mznax scenario with m;=174.3 GeV. These limits
update the results of ABREU 00J.

ABDALLAH 03M uses data from /s = 192-208 GeV. An indirect limit on the mass

of )2(1) is derived by constraining the MSSM parameter space by the results from direct

searches for neutralinos (including cascade decays and 7 final states), for charginos (for
all Am+) and for sleptons, stop and sbottom. The results hold for the full parameter

space defined by values of My < 1 TeV, |u| < 2TeV with the )?(1) as LSP. Constraints

from the Higgs search in the MJ*®T scenario assuming m;=174.3 GeV are included.

The limit is obtained for tan3 > 5 when stau mixing leads to mass degeneracy between

71 and )?(1) and the limit is based on )}8 production followed by its decay to 7y7. In

the pathological scenario where mg and |,u| are large, so that the )}8 production cross

section is negligible, and where there is mixing in the stau sector but not in stop nor
sbottom, the limit is based on charginos with soft decay products and an ISR photon.
The limit then degrades to 39 GeV. See Figs 40—42 for the dependence of the limit on
tanB and my;. These limits update the results of ABREU 00w.

5 ACCIARRI 00D data collected at +/s=189 GeV. The results hold over the full parameter
space defined by 0.7 < tang < 60, 0 < My < 2 TeV, mg < 500 GeV, |u’ < 2 TeV
The minimum mass limit is reached for tan3=1 and large mg. The results of slepton
searches from ACCIARRI 99w are used to help set constraints in the region of small m.
The limit improves to 48 GeV for mg 2 200 GeV and tan3 2 10. See their Figs. 6-8 for
the tang@ and mg dependence of the limits. Updates ACCIARRI 98F.

6 DREINER 09 show that in the general MSSM with non-universal gaugino masses there
exists no model-independent laboratory bound on the mass of the lightest neutralino. An
essentially massless XO is allowed by the experimental and observational data, imposing
some constraints on other MSSM parameters, including My, p and the slepton and
squark masses.

N

)~<4 giving rise to

N
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7" ABBOTT 98C searches for trilepton final states (¢=e,u). See footnote to ABBOTT 98C
in the Chargino Section for details on the assumptions. Assuming a negligible decay rate

of )?it and )?8 to quarks, they obtain m%o Z 51 GeV.

2
8 ABE 98 searches for trilepton final states (¢=e,u). See footnote to ABE 98J in the
Chargino Section for details on the assumptions. The quoted result corresponds to the
best limit within the selected range of parameters, obtained for m~ >m~, tan3=2, and

q g
pu=—0600 GeV.

Bounds on i‘l’ from dark matter searches

These papers generally exclude regions in the My - parameter plane

assuming that )?O is the dominant form of dark matter in the galactic halo.
These limits are based on the lack of detection in laboratory experiments,
telescopes, or by the absence of a signal in underground neutrino detectors.
The latter signal is expected if >~<(1) accumulates in the Sun or the Earth
and annihilates into high-energy v's.

VALUE DOCUMENT ID TECN

e o o We do not use the following data for averages, fits, limits, etc. ® o o
1 ABDO 10 FRMI
2 ACKERMANN 10 FRMI
3 ABBASI 098 ICCB

4 ACHTERBERG 06 AMND
5 ACKERMANN 06 AMND
6 DEBOER 06 RVUE
7 DESAI 04 SKAM
7" AMBROSIO 99 MCRO
8 LOSECCO 95 RVUE
9 MORI 93 KAMI
10 BOTTINO 92 COSM
11 BoTTINO 91 RVUE

12 GELMINI 91 COSM
13 KAMIONKOW.91  RVUE
14 MoRI 918 KAMI
none 4-15 GeV 15 oLIVE 88 COSM
1 ABDO 10 place upper limits on the annihilation cross section with v~ or u+ p~ final
states.
2 ACKERMANN 10 place upper limits on the annihilation cross section with bb or /ﬁ' no I
final states.

3 ABBASI 09 is based on data collected during 104.3 effective days with the lceCube 22-
string detector. They looked for interactions of v,,’s from neutralino annihilations in the
Sun over a background of atmospheric neutrinos and set 90% CL limits on the muon
flux. They also obtain limits on the spin dependent neutralino—proton cross section for
neutralino masses in the range 250-5000 GeV.

4 ACHTERBERG 06 is based on data collected during 421.9 effective days with the
AMANDA detector. They looked for interactions of Vs from the centre of the Earth
over a background of atmospheric neutrinos and set 90 % CL limits on the muon flux.
Their limit is compared with the muon flux expected from neutralino annihilations into
W W™ and bb at the centre of the Earth for MSSM parameters compatible with the
relic dark matter density, see their Fig. 7.

5 ACKERMANN 06 is based on data collected during 143.7 days with the AMANDA-

Il detector. They looked for interactions of vys from the Sun over a background of
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atmospheric neutrinos and set 90 % CL limits on the muon flux. Their limit is compared
with the muon flux expected from neutralino annihilations into W W™ in the Sun for
SUSY model parameters compatible with the relic dark matter density, see their Fig. 3.

6 DEBOER 06 interpret an excess of diffuse Galactic gamma rays observed with the EGRET
satellite as originating from 70 decays from the annihilation of neutralinos into quark
jets. They analyze the corresponding parameter space in a supergravity inspired MSSM
model with radiative electroweak symmetry breaking, see their Fig. 3 for the preferred
region in the (my, m1/2) plane of a scenario with large tang.

7 AMBROSIO 99 and DESAI 04 set new neutrino flux limits which can be used to limit
the parameter space in supersymmetric models based on neutralino annihilation in the
Sun and the Earth.

8 LOSECCO 95 reanalyzed the IMB data and places lower limit on m)~<0 of 18 GeV if

the LSP is a photino and 10 GeV if the LSP is a higgsino based on LSPlannihiIation in
the sun producing high-energy neutrinos and the limits on neutrino fluxes from the IMB
detector.

9 MORI 93 excludes some region in My—u parameter space depending on tan/3 and lightest
scalar Higgs mass for neutralino dark matter m>~<0 >m)y, using limits on upgoing muons

produced by energetic neutrinos from neutralino annihilation in the Sun and the Earth.
10BOTTINO 92 excludes some region Mo-1. parameter space assuming that the lightest
neutralino is the dark matter, using upgoing muons at Kamiokande, direct searches by
Ge detectors, and by LEP experiments. The analysis includes top radiative corrections
on Higgs parameters and employs two different hypotheses for nucleon-Higgs coupling.
Effects of rescaling in the local neutralino density according to the neutralino relic abun-
dance are taken into account.
BOTTINO 91 excluded a region in M5 — i plane using upgoing muon data from Kamioka
experiment, assuming that the dark matter surrounding us is composed of neutralinos
and that the Higgs boson is not too heavy.

12 GELMINI 91 exclude a region in My — i plane using dark matter searches.

13 KAMIONKOWSKI 91 excludes a region in the My—p plane using IMB limit on upgoing
muons originated by energetic neutrinos from neutralino annihilation in the sun, assuming
that the dark matter is composed of neutralinos and that m o < 50 GeV. See Fig. 8
in the paper. '

14 MORI 91B exclude a part of the region in the My—p plane with m§0 < 80 GeV using

~

a limit on upgoing muons originated by energetic neutrinos from neutralino annihilation
in the earth, assuming that the dark matter surrounding us is composed of neutralinos

and that m, 5 < 80 GeV.
Hl
15 OLIVE 88 result assumes that photinos make up the dark matter in the galactic halo.

Limit is based on annihilations in the sun and is due to an absence of high energy
neutrinos detected in underground experiments. The limit is model dependent.

itl’-p elastic cross section

Experimental results on the )}?—p elastic cross section are evaluated at

m>~<0:100 GeV. The experimental results on the cross section are often

1
mass dependent. Therefore, the mass and cross section results are also

given where the limit is strongest, when appropriate. Results are quoted
separately for spin-dependent interactions (based on an effective 4-Fermi
Lagrangian of the form 27“75)@'7#75@ and spin-independent interac-
tions (}(xg q). For calculational details see GRIEST 888, ELLIS 88D, BAR-
BIERI 89C, DREES 938, ARNOWITT 96, BERGSTROM 96, and BAER 97
in addition to the theory papers listed in the Tables. For a description of
the theoretical assumptions and experimental techniques underlying most
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Spin-dependent interactions

of the listed papers, see the review on “Dark matter” in this “Review of
Particle Physics,” and references therein. Most of the following papers use
galactic halo and nuclear interaction assumptions from (LEWIN 96).

VALUE (pb)

CL%

DOCUMENT ID

TECN

COMMENT

e o o We do not use the following data for averages, fits, limits, etc. ® o o

< 0.07 90 1 BEHNKE 11 COUP CFsl
< 03 90 2 ARCHAMBAU..09 PICA F
< 08 90 3 LEBEDENKO 09A ZEP3 Xe
< 1 90 4 ANGLE 08A XE10 Xe
< 0.055 5 BEDNYAKOV 08 HDMS Ge
< 0.33 90 6 BUHNKE 08 COUP CFjl
< 15 ) 7 ALNER 07 ZEP2 Xe
< 0.17 90 8 LEE 07A KIMS Csl
< 5 9 AKERIB 06 CDMS Ge
< 2 10 sHiMIZU 06A CNTR CaF,
< 04 11 ALNER 05 NAIA Nal Spin Dep.
< 2 12 BARNABE-HE.05 PICA C
< 14 13 GIRARD 05 SMPL F, Cl
2x 107 to 1 x 1074 14 ELLIS 04 THEO p >0
< 16 15 GlULIANI 04 SIMP F
< 08 16 AHMED 03 NAIA Nal Spin Dep.
< 40 17 TAKEDA 03 BOLO NaF Spin Dep.
< 10 18 ANGLOHER 02 CRES Saphire
8x 107 to2x 1072 19 ELLIS 01c THEO tanB < 10
< 38 20 BERNABEI 00D DAMA Xe
<15 21 COLLAR 00 SMPL F
< 08 SPOONER 00 UKDM Nal
< 48 22 BELLI 99c DAMA F
<100 23 OOTANI 99 BOLO LiF
< 06 BERNABEI  98C DAMA Xe
< 5 22 BERNABEI 97 DAMA F
1 The strongest limit is 0.05 pb and occurs at my = 55 GeV. I

2The strongest limit is 0.16 pb and occurs at my = 24 GeV. The strongest limit for the

X = 24 GeV.

3The strongest upper limit is 0.76 pb and occurs at my, = 55 GeV. The strongest limit

scattering on neutrons is 2.6 pb, also at m

on the neutron spin-dependent cross section is 0.01 pb, also at my, =~ 55 GeV (the same
limit is achieved for m, = 100 GeV).

4The strongest limit is 0.6 pb and occurs at my = 30 GeV. The limit for scattering on
neutrons is 0.01 pb at m, = 100 GeV, and the strongest limit is 0.0045 pb at m

30 GeV.
Limit applies to neutron elastic cross section.

6 The strongest upper limit is 0.25 pb and occurs at my, =~ 40 GeV.

" The strongest upper limit is 14 pb and occurs at my =~ 65 GeV. The limit on the
neutron spin-dependent cross section is 0.08 pb at m, = 100 GeV and the strongest
limit for scattering on neutrons is 0.07 pb at my = 65 GeV.

X X~

= 100 GeV.

8 The limit on the neutron spin-dependent cross section is 6 pb at my
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9 The strongest upper limit is 4 pb and occurs at my =~ 60 GeV. The limit on the
neutron spin-dependent elastic cross section is 0.07 pb. This latter limit is improved in
AHMED 09, where a limit of 0.02 pb is obtained at my, = 100 GeV. The strongest limit
in AHMED 09 is 0.018 pb and occurs at my, = 60 GeV.

10 The strongest upper limit is 1.2 pb and occurs at my =~ 40 GeV. The limit on the
neutron spin-dependent cross section is 35 pb.

1 The strongest upper limit is 0.35 pb and occurs at my =~ 60 GeV.

12The strongest upper limit is 1.2 pb and occurs my =~ 30 GeV.

13 The strongest upper limit is 1.2 pb and occurs my =~ 40 GeV.

14ELLIS 04 calculates the x p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry, but
without universal scalar masses. In the case of universal squark and slepton masses, but

non-universal Higgs masses, the limit becomes 2 X 10~4, see ELLIS O3E.
15The strongest upper limit is 10 pb and occurs at m,, ~ 30 GeV.

X
16 The strongest upper limit is 0.75 pb and occurs at my, = 70 GeV.
17 The strongest upper limit is 30 pb and occurs at my ~ 20 GeV.

18 The strongest upper limit is 8 pb and occurs at my, =~ 30 GeV.

19ELLIS 01c calculates the Xx-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry. In

models with nonuniversal Higgs masses, the upper limit to the cross section is 6 X 10— 4.
20 The strongest upper limit is 3 pb and occurs at my, =~ 60 GeV. The limits are for inelastic

scattering X0 + 129%e — x0 4 129xe* (39.58 keV).
2l The strongest upper limit is 9 pb and occurs at my, =~ 30 GeV.

22 The strongest upper limit is 4.4 pb and occurs at my, =~ 60 GeV.

23 The strongest upper limit is about 35 pb and occurs at my, =~ 15 GeV.

Spin-independent interactions

VALUE (pb) CL% DOCUMENT ID TECN COMMENT
o o o We do not use the following data for averages, fits, limits, etc. ® o o
<4 x10°8 90 1 AHMED 10 CDMS Ge

<4 x10°8 90 2 APRILE 10 X100 Xe

<1 x10°7 90 3 ARMENGAUD 10 EDE2 Ge
1x10710 01 x 1077 4cao 10 THEO

<5 x10°8 90 5 AHMED 09 CDMS Ge

<7 x10° 7 90 6 ANGLOHER 09 CRES CaWO,
3x10710 t0 3 x 1078 95 7 BUCHMUEL... 09 THEO

<1 x10° 7 90 8 LEBEDENKO 09 ZEP3 Xe

<1 x10°7 90 9 ANGLE 08 XE10 Xe

<1 x10°° 90 BENETTI 08 WARP Ar

< 75x%x10° 1 90 10 ALNER 07A ZEP2 Xe

<22 x10~7 90 11 EE 07A KIMS Csl

<2 x10° 7 12 AKERIB 06A CDMS Ge

<90 x 10~ 13 | Ee 06 KIMS Csl

<5 x10° ' 14 AKERIB 05 CDMS Ge

<90 x 107 ALNER 05 NAIA Nal Spin Indep.
<12 x10° ' 15 ALNER 05A ZEPL

<20 x107 ' 16 ANGLOHER 05 CRES CaWO,
<14 x10~7 SANGLARD 05 EDEL Ge
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<4 x10°7 17 AKERIB 04 CDMS Ge
2x 1071 to 8 x 1070 18,19 gL LIS 04 THEO p >0
<5 x10°8 20 pIERCE 04A THEO
<2 x107° 21 AHMED 03 NAIA Nal Spin Indep.
<3 x10°° 22 AKERIB 03 CDMS Ge
2x10713 t02x 107 23 BAER 03A THEO
< 14x107° 24 KLAPDOR-K...03 HDMS Ge
<6 x107° 25 ABRAMS 02 CDMS Ge
< 1.4x10°° 26 BENOIT 02 EDEL Ge
1x10712 07 x10-6 18 KiM 028 THEO
<3 x107° 27T MORALES 028 CSME Ge
<1 x107° 28 MORALES  02C IGEX Ge
<1 x107° BALTZ 01 THEO
<3 x107° 29 BAUDIS 01 HDMS Ge
< 45x 100 BENOIT 01 EDEL Ge
<7 x107° 30 BOTTINO 01 THEO
<1 x10°8 31 CORSETTI 01 THEO tang < 25
5x10710 t5 1.5x 108 32 ELLIS 01c THEO tanB < 10
<4 x107° 31 GoMEZ 01 THEO
2x10710 01 x 107 31 | AHANAS 01 THEO
<3 x10°° ABUSAIDI 00 CDMS Ge, Si
<6 x10~ 7 33 ACCOMANDO 00 THEO
34 BERNABEI 00 DAMA Nal
2.5x1079 t0 3.5x10~8 35 FENG 00 THEO tanB=10
< 15x%x 1072 MORALES 00 IGEX Ge
<4 x107° SPOONER 00 UKDM Nal
<7 x107° BAUDIS 99 HDMO 76Ge
36 BERNABEI 99 DAMA Nal
37 BERNABEI 98 DAMA Nal
<7 x107° BERNABEI  98C DAMA Xe
1 The strongest upper limit is < 3.8 X 108 pb and occurs at my =~ 70 GeV. I
2The strongest upper limit is < 3.4 X 10_8 pb and occurs at my ~ b5 GeV. I
3The strongest limit is at my = 80 GeV. I
4 Uses relic density and various collider experiments to set limits on neutralino-nucleon I
cross section in MSSM models with gaugino mass unification.
5 AHMED 09 updates the results of AKERIB 06A. The strongest limit is 4.6 x 10~ pb
and occurs at my = 60 GeV.
6 The strongest upper limit is 4.8 X 10—/ pb and occurs at m,, = 50 GeV.

X
"BUCHMUELLER 09 makes predictions for the spin-independent elastic cross section
based on a frequentist approach to electroweak observables in the framework of N = 1
supergravity models with radiative breaking of the electroweak gauge symmetry.

8 The strongest upper limit is 8.1 X 108 pb and occurs at my = 60 GeV.

9 The strongest upper limit is 5.1 X 108 pb and occurs at my, =~ 30 GeV. The values

quoted here are based on the analysis performed in ANGLE 08 with the update from
SORENSEN 09.
0 The strongest upper limit is 6.6 X 10—/ pb and occurs at my, =~ 65 GeV.

1 The strongest upper limit is 19 x 10—/ pb and occurs at my, =~ 65 GeV. Supersedes
LEE 06.
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12 AKERIB 06A updates the results of AKERIB 05. The strongest upper limit is 1.6 X

10—/ pb and occurs at my 60 GeV.

13 The strongest upper limit is 8 X 106 pb and occurs at my = 70 GeV.

14 AKERIB 05 is incompatible with the DAMA most likely value. The strongest upper limit
is 4 x 10~ 7 pb and occurs at m, =~ 60 GeV.

15 The strongest upper limit is also close to 1.0 x 106 pb and occurs at my = 70 GeV.
BENOIT 06 claim that the discrimination power of ZEPLIN-I measurement (ALNER 05A)
is not reliable enough to obtain a limit better than 1 X 103 pb. However, SMITH 06
do not agree with the criticisms of BENOIT 06.

16 The strongest upper limit is also close to 1.4 X 106 pb and occurs at my =~ 70 GeV.

17 AKERIB 04 is incompatible with BERNABEI 00 most likely value, under the assumption
of standard WIMP-halo interactions. The strongest upper limit is 4 X 10—/ pb and
occurs at m, ~ 60 GeV.

18 KIM 02 and ELLIS 04 calculate the x p elastic scattering cross section in the framework
of N=1 supergravity models with radiative breaking of the electroweak gauge symmetry,
but without universal scalar masses.

In the case of universal squark and slepton masses, but non-universal Higgs masses, the
limit becomes 2 x 106 (2 x 1011 \when constraint from the BNL g—2 experiment are
included), see ELLIS 03E. ELLIS 05 display the sensitivity of the elastic scattering cross
section to the m-Nucleon X term.

PIERCE 04A calculates the x p elastic scattering cross section in the framework of models
with very heavy scalar masses. See Fig. 2 of the paper.

21 The strongest upper limit is 1.8 X 10—° pb and occurs at my, =~ 80 GeV.

22 ynder the assumption of standard WIMP-halo interactions, Akerib 03 is incompatible
with BERNABEI 00 most likely value at the 99.98% CL. See Fig. 4.

23 BAER 03A calculates the X p elastic scattering cross section in several models including
the framework of N=1 supergravity models with radiative breaking of the electroweak
gauge symmetry.

24 The strongest upper limit is 7 X 106 pb and occurs at my, =~ 30 GeV.

25 ABRAMS 02 is incompatible with the DAMA most likely value at the 99.9% CL. The
strongest upper limit is 3 X 106 pb and occurs at my, =~ 30 GeV.

26 BENOIT 02 excludes the central result of DAMA at the 99.8%CL.
" The strongest upper limit is 2 X 10—° pb and occurs at my, =~ 40 GeV.

28 The strongest upper limit is 7 X 106 pb and occurs at my, =~ 46 GeV.
29 The strongest upper limit is 1.8 x 10—° pb and occurs at my, =~ 32 GeV

30 BOTTINO 01 calculates the x-p elastic scattering cross section in the framework of the
following supersymmetric models: N=1 supergravity with the radiative breaking of the
electroweak gauge symmetry, N=1 supergravity with nonuniversal scalar masses and an
effective MSSM model at the electroweak scale.

Calculates the x-p elastic scattering cross section in the framework of N=1 supergravity
models with radiative breaking of the electroweak gauge symmetry.

32 ELLIS 01C calculates the x-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry. EL-
LIS 02B find a range 2 X 1078-1.5 x 10~/ at tan=50. In models with nonuniversal
Higgs masses, the upper limit to the cross section is 4 X 10— 7.

33 ACCOMANDO 00 calculate the X-p elastic scattering cross section in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry. The limit is relaxed by at least an order of magnitude when models with
nonuniversal scalar masses are considered. A subset of the authors in ARNOWITT 02
updated the limit to < 9 x 1078 (tan3 < 55).
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34 BERNABEI 00 search for annual modulation of the WIMP signal. The data favor the
hypothesis of annual modulation at 40 and are consistent, for a particular model frame-

work quoted there, with mX0:44i_13 GeV and a spin-independent XO—proton cross

section of (5.4 £ 1.0) x 10~ pb. See also BERNABEI 01 and BERNABEI 00C.

35 FENG 00 calculate the x-p elastic scattering cross section in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry with a

particular emphasis on focus point models. At tan3=50, the range is 8 x 10~8-4x10~ 7.

36 BERNABEI 99 search for annual modulation of the WIMP signal. The data favor the
hypothesis of annual modulation at 99.6%CL and are consistent, for the particular model

framework considered there, with m 0 :591‘%1 GeV and spin-independent XO—proton

cross section of (YOj(l)g) x 1070 pb (10 errors).

37 BERNABEI 98 search for annual modulation of the WIMP signal. The data are consis-
tent, for the particular model framework considered there, with mX0:59t%8 GeV and

spin-independent X0-proton cross section of (101‘8‘1‘) X 1072 pb (1o errors).

Other bounds on i‘l’ from astrophysics and cosmology

Most of these papers generally exclude regions in the My — i parameter

plane by requiring that the )?cl) contribution to the overall cosmological

density is less than some maximal value to avoid overclosure of the Uni-
verse. Those not based on the cosmological density are indicated. Many
of these papers also include LEP and/or other bounds.

VALUE DOCUMENT ID TECN COMMENT
>46 GeV LELLIS 00 RVUE
o e o We do not use the following data for averages, fits, limits, etc. ® o o

2 BUCHMUEL... 09 COSM

3 DREINER 09 THEO |
4 BUCHMUEL... 08 COSM
S ELLIS 08 COSM
6ELLIS 07 COSM
5 BAER 05 COSM
> 6 GeV 7.8 BELANGER 04 THEO
9ELLIS 048 COSM
10 pIERCE 04A COSM
11 BAER 03 COSM
> 6 GeV 7 BOTTINO 03 COSM
11 CHATTOPAD..03 COSM
121 LIS 03 COSM
S ELLIS 038 COSM
ELs 03c COSM
> 18 GeV " HOOPER 03 COSM 2, =0.05-0.3
11| AHANAS 03 COSM
13 BAER 02 COSM
14 ELLIS 02 COSM
15 | AHANAS 02 COSM
16 BARGER 01C COSM
13 pJOUADI 01 COSM
17 ELLIS 018 COSM

13 ROSZKOWSKI 01  COSM
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12 BOEHM 008 COSM
18 FENG 00 COSM
19 | AHANAS 00 COSM
< 600 GeV 20 LIS 988 COSM
21 EpsJyo 97 COSM Co-annihilation
22 BAER 96 COSM
5 BEREZINSKY 95 COSM
23 FALK 95 COSM CP-violating phases
24 DREES 93 COSM Minimal supergravity
25 FALK 93 COSM Sfermion mixing
24 KELLEY 93 COSM Minimal supergravity
26 MIZUTA 93 COSM Co-annihilation
27 LoPEZ 92 COSM Minimal supergravity,
28 MCDONALD 92 COSM
29 GRIEST 91 COSM
30 NOJIRI 91 COSM Minimal supergravity
31 oLIVE 91 COSM
32 ROSZKOWSKI 91  COSM
33 GRIEST 90 COSM
31 oLIVE 80 COSM
none 100 eV — 15 GeV SREDNICKI 88 COSM #; m?:100 GeV
none 100 eV-5 GeV ELLIS 84 COSM #; for m;:lOO GeV
GOLDBERG 83 COSM 7
34 KrAUSS 83 COSM 7

VYSOTSKII 83 COSM 7

LELLIS 00 updates ELLIS 98. Uses LEP et e~ data at v/s=202 and 204 GeV to improve
bound on neutralino mass to 51 GeV when scalar mass universality is assumed and 46 GeV
when Higgs mass universality is relaxed. Limits on tans improve to > 2.7 (u > 0), > 2.2
(r < 0) when scalar mass universality is assumed and > 1.9 (both signs of p) when
Higgs mass universality is relaxed.

2 BUCHMUELLER 09 places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using indirect experimental searches.

3 DREINER 09 show that in the general MSSM with non-universal gaugino masses there
exists no model-independent laboratory bound on the mass of the lightest neutralino. An
essentially massless XO is allowed by the experimental and observational data, imposing
some constraints on other MSSM parameters, including M5, p and the slepton and
squark masses.

4 BUCHMUELLER 08 places constraints on the SUSY parameter space in the framework
of N = 1 supergravity models with radiative breaking of the electroweak gauge symmetry
using indirect experimental searches.

S Places constraints on the SUSY parameter space in the framework of N=1 supergravity
models with radiative breaking of the electroweak gauge symmetry but non-Universal
Higgs masses.

6ELLIS 07 places constraints on the SUSY parameter space in the framework of N =
1 supergravity models with radiative breaking of the electroweak gauge symmetry with
universality below the GUT scale.

"HOOPER 03, BOTTINO 03 (see also BOTTINO 03A and BOTTINO 04) , and BE-
LANGER 04 do not assume gaugino or scalar mass unification.

8 Limit assumes a pseudo scalar mass < 200 GeV. For larger pseudo scalar masses, my >

18(29) GeV for tang = 50(10). Bounds from WMAP, (g — 2)l~b' b — s~, LEP.
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9ELLIS 048 places constraints on the SUSY parameter space in the framework of N=1
supergravity models with radiative breaking of the electroweak gauge symmetry including
supersymmetry breaking relations between A and B parameters. See also ELLIS 03D.

10 pIERCE 04A places constraints on the SUSY parameter space in the framework of models
with very heavy scalar masses.

11 BAER 03, CHATTOPADHYAY 03, ELLIS 03C and LAHANAS 03 place constraints on
the SUSY parameter space in the framework of N=1 supergravity models with radiative
breaking of the electroweak gauge symmetry based on WMAP results for the cold dark
matter density.

12BOEHM 008 and ELLIS 03 place constraints on the SUSY parameter space in the
framework of minimal N=1 supergravity models with radiative breaking of the electroweak
gauge symmetry. Includes the effect of x-t co-annihilations.

13pJjouADl 01, ROSZKOWSKI 01, and BAER 02 place constraints on the SUSY parame-
ter space in the framework of minimal N=1 supergravity models with radiative breaking
of the electroweak gauge symmetry.

14EL LIS 02 places constraints on the soft supersymmetry breaking masses in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry.

15| AHANAS 02 places constraints on the SUSY parameter space in the framework of mini-
mal N=1 supergravity models with radiative breaking of the electroweak gauge symmetry.
Focuses on the role of pseudo-scalar Higgs exchange.

16 BARGER 01C use the cosmic relic density inferred from recent CMB measurements to
constrain the parameter space in the framework of minimal N=1 supergravity models
with radiative breaking of the electroweak gauge symmetry.

17TELLIS 01B places constraints on the SUSY parameter space in the framework of minimal
N=1 supergravity models with radiative breaking of the electroweak gauge symmetry.
Focuses on models with large tang.

18 FENG 00 explores cosmologically allowed regions of MSSM parameter space with multi-
TeV masses.

19 AHANAS 00 use the new cosmological data which favor a cosmological constant and
its implications on the relic density to constrain the parameter space in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry.

20 ELLIS 98B assumes a universal scalar mass and radiative supersymmetry breaking with
universal gaugino masses. The upper limit to the LSP mass is increased due to the
inclusion of x — T coannihilations.

21 EDSJO 97 included all coannihilation processes between neutralinos and charginos for
any neutralino mass and composition.

22 Notes the location of the neutralino Z resonance and h resonance annihilation corridors
in minimal supergravity models with radiative electroweak breaking.

23 Mass of the bino (=LSP) is limited to my < 350 GeV for my = 174 GeV.

24 DREES 93, KELLEY 93 compute the cosmic relic density of the LSP in the framework
of minimal N=1 supergravity models with radiative breaking of the electroweak gauge
symmetry.

SFALK 93 relax the upper limit to the LSP mass by considering sfermion mixing in the
MSSM.

26 MIZUTA 93 include coannihilations to compute the relic density of Higgsino dark matter.

27 LOPEZ 92 calculate the relic LSP density in a minimal SUSY GUT model.

28 MCDONALD 92 calculate the relic LSP density in the MSSM including exact tree-level
annihilation cross sections for all two-body final states.

29 GRIEST 91 improve relic density calculations to account for coannihilations, pole effects,
and threshold effects.

30 NOJIRI 91 uses minimal supergravity mass relations between squarks and sleptons to
narrow cosmologically allowed parameter space.

31 Mass of the bino (=LSP) is limited to my < 350 GeV for my < 200 GeV. Mass of

the higgsino (=LSP) is limited to my S 1 TeV for my <200 GeV.
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32 ROSZKOWSKI 91 calculates LSP relic density in mixed gaugino/higgsino region.
33 Mass of the bino (=LSP) is limited to m~ < 550 GeV. Mass of the higgsino (=LSP)

B
is limited to my < 3.2 TeV.
34 KRAUSS 83 finds my, not 30 eV to 2.5 GeV. KRAUSS 83 takes into account the gravitino
decay. Find that limits depend strongly on reheated temperature. For example a new

allowed region my = 4-20 MeV exists if Mgravitino <40 TeV. See figure 2.

— Unstable ? (Lightest Neutralino) MASS LIMIT ———

Unless otherwise stated, results in this section assume spectra and pro-
duction rates as evaluated in the MSSM. Unless otherwise stated, the

goldstino or gravitino mass me is assumed to be negligible relative to all

other masses. In the following, G is assumed to be undetected and to give
rise to a missing energy (£) signature.

VALUE (GeV) CL% DOCUMENT ID TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. ® o o
>149 95 LAALTONEN 10 CDF  pp— X% >~<=>~<8. gf;}? — ~G,
GMSB_
>175 95 2 ABAZOV 10 DO X9 — G, GMSB |
3 AALTONEN 08U CDF  Xj — vG, GMSB
>125 95 4 ABAZOV 08F DO pp— XX X=X3. gf X0 — 46,
GMSB_ _
5 ABAZOV o8x Do 9 — z0G, GmsB
6 ABULENCIA 07H CDF R, LLE
7 ABAZOV 060 DO R, LLE
8 ABAZOV 06P DO R Ao
> 968 95 9 ABBIENDI 068 OPAL ete™ — BB, (B — G~)
10 ABDALLAH 058 DLPH eTe™ — GX9, 39 — Gv)
> 96 95 11 ABDALLAH 058 DLPH ete™ — BB, (B — Gr)
> 03 95 12 ACOSTA 05t CDF  pp — XX, X=X3. glig? — ~G,
GMSB B
13 AKTAS 05 H1 etp— qgcl), ;((1) — 76,
GMSB+R LQD
14 ABBIENDI 04N OPAL ete™ — yyF
> 66 95 1516 ABDALLAH 04H DLPH AMSB, 1 > 0
> 380 95 1718 ABDALLAH 04v DLPH R(UDD)
19 ACHARD 04 L3 etem = 630,30 — G~
> 095 05 20 ACHARD 04E L3 ete™ — BB, (B— G~)
> 89 21 ABDALLAH 030 DLPH ete™ — X059, GMSB,
m(é)<lg\/~ N N
22 HEISTER 03C ALEP ete™ — BB, (B — ~G)
23 HEISTER 03C ALEP ete™ — G;((l’, (>~<(1) — G7)
> 399 95 24 ACHARD 02 L3 R, MSUGRA
> 92 95 25 HEISTER 02R ALEP short lifetime
> 54 95 25 HEISTER 02R ALEP any lifetime
> 85 95 26 ABBIENDI 01 OPAL ete™ — X939, GMSB, tang=2
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> 76 95 26 ABBIENDI 01 OPAL ete™ — X259, GMSB, tang=20
> 325 95 27 ACCIARRI 01 L3 R, all mg, 0.7 < tang < 40
28 ADAMS 01 NTEV X0 — puv, R, LLE
> 29 95 29 ABBIENDI 99T OPAL ete™ — g(llg(l), R, mg=500 GeV,
tang > 1.2
> 29 95 30 BARATE 99 ALEP R, LQD, tanf=1.41, my=500 GeV
31 ABREU 98 DLPH eTe™ — 3939 39 — +6)
> 23 95 32 BARATE 98s ALEP R, LLE
33 ELLIS 97 THEO ete™ — g?g?, ;((13 — 4G

34 CABIBBO 81 COSM

1 AALTONEN 10 searched in 2.6 fb—1 of pp collisions at /5 = 1.96 TeV for diphoton

+

events with large Zp. They may originate from the production of X= in pairs or as-

sociated to a